Six strains of lactic acid bacteria isolated from sourdough were characterized taxonomically. They were Gram-positive, catalase-negative, facultatively anaerobic rods that did not produce gas from glucose. Morphological and physiological data indicated that the strains belong to the genus Lactobacillus and they were similar to Lactobacillus alimentarius in phenotypic characteristics. These strains shared the same phenotypic characteristics and exhibited intragroup DNA homology values of over 898 YO, indicating that they comprised a single species. The G+C content of the DNA for the strains was 37-2-3800 mol0/o. The 16s rRNA sequence of representative strain TB lT was determined and aligned with that of other Lactobacillus species. This strain was placed in the genus Lactobacillus on the basis of phylogenetic analysis. L. alimentarius was the most closely related species in the phylogenetic tree and this species also showed the highest sequence homology value (96%) with strain TB lT. DNA-DNA hybridization indicated that strain TB lT did not belong to L. alimentarius. It is proposed that these strains are placed in the genus Lactobacillus as a new species, Lactobacillus paralimentarius sp. nov. The type strain of L. paralimentarius is TB lT, which has been deposited in the Japan Collection of Microorganisms (JCM) as strain JCM 1041ST.
INTRODUCTION
The genus Lactobacillus encompasses an assemblage of Gram-positive, catalase-negative, non-sporing, rodshaped organisms and is presently composed of over 50 recognized species (Collins et al., 1991) . This classification is based on phenotypic and genetic characteristics. The genetic interrelationships of the genus Lactobacillus and related lactic acid bacteria have been studied extensively by using 16s rRNA sequence analysis and DNA-DNA hybridization experiments, and new genera and new species have been added (Cai & Collins, 1994; Collins et al., 1989 Collins et al., , 1993 Collins et al., , 1991 Collins et al., , 1990 . Recent results clearly indicate that the genus Lactobacillus, as presently constituted, is very heterogeneous phylogenetically, and that some Pediococcus and Lactobacillus species exhibit a high degree of 16s rRNA sequence similarity with each other and
The DDBJ accession numberforthe 165 rRNAsequenceof TB ITisAB018528. ~ 01058 0 1999 IUMS form a phylogenetically coherent group that is quite separate from other lactic acid bacteria (Collins et al., 1989 (Collins et al., , 1993 (Collins et al., , 1991 (Collins et al., , 1990 . Collins et al. (1991) reported that comparative analysis of 16s rRNA sequence data revealed the presence of three phylogenetically distinct clusters. Cluster 1 (designated the Lactobacillus delbrueckii group) includes L. delbrueckii, the type species of the genus, and 11 other obligately homofermentative species. Cluster 2 (designated the Lactobacillus caseil Pediococcus group) comprises 32 Lactobacillus species (including Lactobacillus alinientarius) and five Pediococcus species. Cluster 3 (designated the Leuconostoc paramesenteroides group) includes the heterofermentative Weissella. The 16s rRNA groups of the genus Lactobacillus do not support the classical division into the subgenera Thermobncteriurn, Streptobacterium and Betabacterium (Collins et al., 1991) or the three physiological groups (obligately homofermentative, facultatively heterofermentative and obligately heterofermentative) outlined in Bergey's Manual of Systematic Bacteriology (Kandler & Weiss, 1986 Y. Cai and others Lactobacillus species are widely distributed in various fermented foods, dairy products, and plant and animal material. There have been several reports (Okada et al., 1992; Oura et al., 1982; Spicher, 1984; Spicher & Schroder, 1978 , 1980 of lactobacilli occurring among the dominant microbial population on sourdough, where they may contribute to dough fermentation. Some isolates from sourdough have been identified with an early classification scheme as belonging to the previously described Lactobacillus species (Okada et al., 1992; Spicher, 1984; Spicher & Schroder, 1978) . However, in our experience many isolates cannot be identified as any previously described species.
In the present study, Lactobacillus strains isolated from five samples of sourdough were examined. To determine their taxonomic status, the isolates were also studied by 16s rRNA sequence analysis and DNA hybridization experiments, which revealed one new species, for which the name Lactobacillus paralimentarius was proposed.
METHODS
Strains studied, Six strains were isolated from two samples of sourdough (Takaki Bakery Company) on LBS agar (Becton Dickinson) and Lactobacilli MRS broth (Difco) containing 1.5 Yo agar incubated at 30 "C for 2 d under anaerobic conditions. The sourdough, without yeast or bacteria addition, was fermented at 27 "C for 12 h. Each strain was purified twice by streaking on MRS agar and the pure cultures were grown in the same agar at 30 "C for 24 h, suspended with nutrient broth (Difco) and dimethyl sulfoxide in the ratio of 9: 1 and stored as stock cultures at -80 "C for further examination. The Lactobacillus type strains were obtained from the Japan Collection of Microorganisms (JCM), The Institute of Physical and Chemical Research, Wako, Saitama, Japan.
Morphological, physiological and biochemical tests. Gram stain and morphology were examined after 24 h incubation on MRS agar. Catalase activity, nitrite reduction and gas production from glucose were determined as described by Kozaki et al. (1992) . Tests for growth at pH 4.5 and 7.0, in 4.5 and 7.0 YO NaC1, and at 10, 15, 45 and 50 "C were performed in duplicate in MRS broth. Results were recorded after 48 h. Carbohydrate fermentation tests were carried out with the API 50 CH system for Lactobacilli (bioM6rieux) according to the manufacturer's instructions ; reactions were determined after incubation at 30 "C for 48 h. 165 rRNA sequencing. The 16s rRNA sequence coding region of strain TB 1' was amplified by PCR performed in a PCR Thermalcycler (Takara Shuzo) as described by Suzuki et al. (1996) . The sequences of the PCR products were determined directly by using an ALFexpress Autocycle Sequence kit (Pharmacia Biotech) with the primers as described by Suzuki et al. (1996) . Analyses of DNA sequence reactions were performed with an ALFexpress DNA sequencer (Pharmacia Biotech). The 16s rDNA sequence of strain TB 1' was deposited in the DNA Database of Japan (DDBJ). Nucleotide substitution rates (K,,, values) were calculated (Kimura & Ohta, 1972 ) and a phylogenetic tree was constructed using the neighbour-joining method (Saitou & Nei, 1987) . The topology of trees was evaluated by bootstrap analysis of the sequence data with CLUSTAL w software (Thompson et al., 1994) based on 100 random resamplings. This sequence was aligned with the following published sequences from DDBJ, GenBank and EMBL: Enterococcus faecalis JCM 5803' (ABO 122 12 DNA base composition and DNA-DNA hybridization. DNA was extracted from cells harvested from MRS broth culture which had been incubated for 8 h at 30 "C. It was purified by the procedure of Saitou & Miura (1963) . DNA base composition was determined by the method of Tamaoka & Komagata (1984) by using HPLC following enzymic digestion of DNA to deoxyribonucleosides. The equimolar mixture of four deoxyribonucleotides in a G C kit (Yamasa Shoyu) was used as the quantitative standard. DNA-DNA relatedness was determined by the method of Ezaki et al. (1989) All strains were Gram-positive, catalase-negative rods that produce acid from D-glucose, D-fructose, D-mannose and N-acetylglucosamine, but failed to produce acid from erythritol, D-arabinose, L-xylose, adonitol, methyl P-xyloside, dulcitol, inositol, inulin, xylitol, D-lyxose, (Okada et al., 1992; Spicher, 1984; Spicher & All isolates were Gram-positive, catalase-negative, Schroder, 1978 , 1980 . Some sourdough-associated facultatively anaerobic rods that did not produce gas lactobacilli have been characterized by phenotypic from glucose. These isolates were able to grow at pH features and they have been identified as L. acidophilus, 4.5 and in 6.5 % NaCl, but not above 45 "C. As shown L . alimentarius, L. brevis, L. buchneri, L. casei, in Table 1 , strain TB lT and the other five isolates showed the same phenotypic characteristics, with the exception of maltose fermentation patterns. These characteristics were similar to those of L. alimentarius, although D-xylose, galactose and /3-gentiobiose fermentation patterns differed in L. alimentarius and the isolates. These isolates were quite different from other Lactobacillus type strains in some biochemical characteristics and sugar fermentation patterns.
Lactobacillus curvatus, L. farciminis, L . fermentum, L. fructivorans, L. hilgardii, L . reuteri and L. sanfranciscensis (Okada et d., 1992; Oura et d., 1992; Spicher, 1984; Spicher & Schroder, 1978 , 1980 . In the present study, all strains were isolated from sourdough and, from their morphology and biochemical properties, these isolates were considered to be typical lactobacilli. As shown in Table 1 , the strains were phenotypically similar to L. alimentarius JCM 1 095T, but they differed from L. alirnentarius JCM 1095T in the fermentation patterns of three sugars. These strains can be distinguished from other Lactobacillus species by physiological and biochemical characteristics. Results of the present study have shown that the isolates were closely related to L. alimentarius and that they could not be identified down to a species level on the basis of phenotypic characteristics.
rRNA sequence and DNA-DNA hybridization
The 16s rRNA sequence of TB lT consisted of 1476 bases. The phylogenetic tree shown in Fig. 1 was reconstructed from evolutionary distances by the neighbour-j oining method. Phylogenetic analysis placed representative strain TB lT in the cluster comprising L. plantarum JCM 1 1 49T, L. pentosus JCM 155gT, L. collinoides JCM 1 123T and L. alimentarius JCM 1095T. This cluster was recovered in 71 YO of the bootstrap trees. L. alimentarius JCM 1095T was the most closely related species in the phylogenetic tree and showed the highest sequence homology value (96%) with strain TB IT. DNA base composition and DNA-DNA hybridization data are shown in Table 2 (Collins et al., 199 1) . However, in the present study, the tree topology indicated that strain TB IT formed a cluster only with L . alimentarius, and that L. plantarum, L. pentosus and L. collinoides appear only loosely associated with this pair. As shown in Table 2 , the DNA-DNA hybridization results demonstrated that strain TB IT had low levels of DNA relatedness ( < 20.5 %) with L. alimentarius JCM 1095T and other type strains of previously described species, showing that they were different species.
On the basis of phenotypic and genotypic characteristics, it is concluded that the strains isolated from sourdough represent a new species within the genus Lactobacillus, for which we propose the name Lactobacillus paralimentarius sp. nov. Descr i pt ion of 1 actobacillus paralimen ta rius sp. n ov .
Lactobacillus paralimentarius (pa.ra.1i.men.ta'ri.m. Gr. pref. para beside; L. adj. alimentarius pertaining to food).
Grows well anaerobically on MRS agar at 37 "C and cells are facultatively anaerobic and heterofermentative, Gram-positive, catalase-negative, non-sporing, non-motile rods with a length of about 4.0-7.0 pm and a width of 0.7-1.0 pm. Growth occurs at pH 4 5 4 0 "C and 6.5 'YO NaC1, but not above 45 "C. Acid is produced from ribose, D-glucose, D-fructose, D-mannose, Nacetylglucosamine, amygdalin, arbutin, aesculin, salicin, cellobiose, saccharose, trehalose and P-gentiobiose. Acid is not produced from glycerol, erythritol, D-and L-arabinose, D-and L-xylose, adonitol, methyl P-xyloside, galactose, L-sorbitol, rhamnose, dulcitol, inositol, mannitol, sorbitol, methyl a-D-mannoside, methyl a-D-glucoside, lactose, melibiose, h u h , melezitose, D-raffinose, starch, glycogen, xylitol, D-turanose, D-lyxose, D-tagatose, D-and L-fucose, D-and Larabitol, gluconate or 2-and 5-ketogluconate. Three of the six strains were positive for maltose. DNA G + C content is 37.2-38-0 mol 'YO, as determined by HPLC. Type strain is TB IT ( = JCM 10415T).
